Abstract. The corallanid isopod Tachaea chinensis Thielemann, 1910 is a parasite attached on the carapace of freshwater shrimps and prawns. The isopod is reported from Palaemon paucidens De Haan, 1884 (Palaemonidae) at two localities in Kagawa Prefecture (Shikoku) and two localities in Shimane Prefecture (western Honshu), and from Neocaridina sp. (Atyidae) at one locality in Shimane Prefecture, Japan. This represents the first record of T. chinensis from Shikoku. The species is briefly described and illustrated based on non-ovigerous females. Prevalence of T. chinensis in populations of P. paucidens and Neocaridina sp. ranged from 10.7-57.1%, and the intensity of infestation was almost constantly one, which indicates its intra-specific competition on the host carapace. Palaemon paucidens is considered as a preferred host of T. chinensis in Honshu and Shikoku, Japan. Based on the literature published between 1910 and 2018 including this paper, T. chinensis has been reported from 14 nominal and some unidentified species of shrimps and prawns belonging to three atyid genera (Caridina, Neocaridina, and Paratya), two palaemonid genera (Macrobrachium and Palaemon), and one penaeid genus (Penaeus), ranging from temperate (Honshu, Shikoku, and Kyushu in Japan, and central-eastern China) through subtropical (Okinawa in Japan, and Hong Kong in southeastern China) to tropical (Hainan in southeastern China, Vietnam, Thailand, and Malaysia) regions in East Asia.
Introduction
Tachaea chinensis Thielemann, 1910 is a parasite found attached on the carapace of freshwater shrimps and prawns in East Asia (e.g., Thielemann, 1910; Tattersall, 1921; Komai, 1927; Nierstrasz, 1931; Shen, 1936; Iwasa, 1947; Karim & Fernando, 1963; Shiino, 1965; Matsumoto, 1973; Delaney, 1989; Yu & Li, 1998; Takeda et al., 2000; Saito, 2011 , see Table 2 ). There is as yet scant information on the biology of T. chinensis because the previous papers of the species mostly dealt with its taxonomy and distributional records. During a faunal study of freshwater shrimps in central and western Japan from 2009 to 2017 (e.g., Imai, 2012; Imai & Oonuki, 2013 , 2017 Imai et al., 2015 Imai et al., , 2016 Imai et al., , 2018 , we collected T. chinensis parasitic on Palaemon paucidens De Haan, 1884 (Palaemonidae) and Neocaridina sp. (Atyidae) at four localities in Shikoku and western Honshu. This paper briefly describes T. chinensis and reports on these collections with a new record of the species from Shikoku and its occurrence on freshwater shrimps at the four localities. A list of the known collection localities and hosts of T. chinensis is also given based on the literature published between 1910 and 2018 and this paper.
Laboratory examination
Shrimps from the four localities were brought to the laboratory at the National Research Institute of Fisheries and Environment of Inland Sea, Takamatsu, where their on-site identification was confirmed and they were measured for body length (from the orbital edge of the carapace to the posterior margin of the telson) in mm. In particular, shrimps of the atyid genus Neocaridina were carefully observed for morphological features, and two species were recognized in this study. However, these two species are tentatively reported herein as sp. 1 and sp. 2 because the recent taxonomy of shrimps of the genus from Japan is highly confused due to the invasion of alien congeneric species to the country (e.g., Nishino, 2017) . Since the propodus of their third pereiopod is similar in both sexes (cf. Mitsugi et al., 2017) , both species are not a recently introduced species, Neocaridina davidi (Bouvier, 1904) and will be reported in a separate article. Isopod-infested shrimps were later transported to the laboratory at Hiroshima University, Higashi-Hiroshima, where isopods were carefully removed using forceps and preserved in 70% ethanol. Isopods were measured for body length (from the anterior margin of the cephalon to the posterior margin of the pleotelson), sexed (based on the presence or absence of an appendix masculina arising from the proximal margin of the endpod of pleopod 2, cf. Delaney, 1989, fig. 34F ), and identified. Isopods from Myôji Reservoir were examined for morphological characters using an Olympus SZX10 stereo microscope and an Olympus BX51 light microscope, and drawings were made with the aid of a drawing tube fitted on each of these microscopes. Voucher specimens of T. chinensis have been deposited in the Crustacea (Cr) collection of the National Museum of Nature and Science, Tsukuba, Ibaraki Prefecture, Japan (NSMT-Cr 25830 [n 10] from P. paucidens at a pond in Tsuda Park; NSMT-Cr 25831 [n 10] from P. paucidens at Myôji Reservoir). The remaining specimens of T. chinensis are retained by the senior author (K. N.) for a future morphological study of the species from various localities in Japan and will be deposited in the same collection. Prevalence and intensity of infestation are those defined by Bush et al. (1997) . The scientific names of Japanese shrimps and prawns mentioned in this paper follow Toyota & Seki (2014) .
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Results
Description of T. chinensis
The following description of T. chinensis (Fig. 1A, Fig. 2 ) is based on 15 non-ovigerous females (4.0-7.5 mm long) from Myôji Reservoir.
Body slightly elongated, with many chromatophores scattered on dorsal surface. Cephalon small, nearly triangular, anteriorly with rounded rostrum. Eyes laterally separated. Antennula short, with 8-9 articles (2 peduncle articles and 6-7 flagellum articles); peduncle basal article slightly enlarged, article 2 cylindrical; flagellum article 1 about as long as peduncle article 2. Antenna long, reaching to pereonite 4, with 18-19 articles (5 peduncle articles and 13-14 flagellum articles); peduncle articles 4 and 5 subequal.
Pereonites 1-4 slightly larger than pereonites 5-7; posterolateral corners of pereonites 4-7 increasing in size posteriorly; pleonite 4 with lateral portions produced posteriorly and ex- 
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tending to pleotelson. Pleotelson semi-triangular, with 8-9 (mostly 8) robust setae and longer plumose setae on posterior margin. Exopods of uropods fusiform; endopods wider than exopods; both rami with robust setae and plumose setae on lateral and posterior margins. Pereopods 1-3 short, prehensile; pereopods 4-7 longer than pereopods 1-3, ambulatory. Exopods of pleopods 1-5 with marginal plumose setae.
Occurrence of T. chinensis in shrimp populations
Four species of freshwater shrimps were collected in this study: Palaemon paucidens, Neocaridina sp. 1, Neocaridina sp. 2, and Paratya improvisa Kemp, 1917 . There was a difference in occurrence of T. chinensis between these shrimp species (Table 1) . Palaemon paucidens was infested by T. chinensis at four localities in Kagawa and Shimane prefectures, and the prevalence of the isopod infestation ranged from 10.7-57.1%. Neocaridina sp. 1 harbored T. chinensis at one locality in Shimane Prefecture with prevalence being 12.5%. No infestation was found on Paratya improvisa, although only four individuals of the species were examined.
The intensity of infestation by T. chinensis was almost constantly one (Table 1) . Two and three isopods were found on three (8.1%) and one (2.7%) of the 37 infested P. paucidens, respectively.
There was no particular relationship between occurrence of T. chinensis and shrimp body size: the infested and uninfested individuals of P. paucidens from Shimane Prefecture measured 19.9-26.6 (mean, 22.9, n 15) and 18.7-28.1 (23.4, n 21) mm long, respectively.
A total of 42 specimens of T. chinensis was collected in this study: 16 and six specimens from a pond in Tsuda Park and the Sakamoto River, Kagawa Prefecture; 15 and five specimens from Myôji and Ko reservoirs, Shimane Prefecture, respectively. These specimens were all non-ovigerous females. Their body length was similar between localities, measuring 4.5-7.6 (mean, 6.3, n 16), 4.8-7.1 (6.1, n 6), 4.0-7.5 (6.3, n 15), and 4.5-6.5 (5.6, n 5) mm from the above four localities, respectively.
Mode of attachment by T. chinensis
Tachaea chinensis was found firmly attached on the lateral side of the host carapace with its cephalon posteriorly oriented (Fig. 1B) .
Discussion
Morphology and identification of T. chinensis
The specimens of isopod collected in this study are nearly identical with the morphology of T. chinensis from China (Thielemann, 1910;  Crustacean Research 47 Shen, 1936; Wei, 1991; Cheng et al., 2011) . There are several differences between Chinese and Japanese specimens. The number of pleonites was reported as six in Chinese specimens (Shen, 1936) but it is five in our specimens. The antenna flagellum is composed of 13-14 articles in our specimens but was reported to consist of 11-12 (Shen, 1936; Cheng et al., 2011) or 16 articles (Wei, 1991) in Chinese specimens. Our specimens are more or less in agreement with the descriptions of T. chinensis by Komai (1927) , Iwasa (1947) , Shiino (1965) , and Aoyagi (2014) from Japan, although no detailed description of the species yet has been made using material from this country. Like in Chinese specimens, the antenna flagellum showed wide variations in number of articles (13-20 [Iwasa, 1947] , ca. 16 [Shiino, 1965; Aoyagi, 2014] , 13-14 [this paper]) in Japanese specimens. In this study, we did not collect any ovigerous female or male of T. chinensis and describe the species using the non-ovigerous females. It is thus important to collect and describe fully grown adult specimens of both sexes for a better understanding of the morphology and taxonomic status of Japanese T. chinensis. The sequence data of the species from P. paucidens in Osaka, Japan, have been registered in GenBank (Hata et al., 2017) . Body length of T. chinensis vary between individuals reported from Japan (6-9 mm long [Tattersall, 1921] ; 7-12 mm long [Komai, 1927] ; ca. 10 mm long [Iwasa, 1947; Shiino, 1965] ; 5.3-8.4 mm long [Delaney, 1989] ; 4.2-8.4 mm long [Takeda et al., 2000] ; 4-9 mm long [Aoyagi, 2014] ; 4.0-7.6 mm long [from the four localities in this paper]), China (7-12 mm [Thielemann, 1910] ; 3-4.5 mm long [Tattersall, 1921] ; 4.2 mm long [Shen, 1936] ; 5.3 mm long [Delaney, 1989] ; 9 mm long [Wei, 1991] ; 5-7.5 mm long [Wang & Lin, 2008] ; 5-10.3 mm long [Cheng et al., 2011] ), and Malaysia (2.9-4.5 mm long [Delaney, 1989] ). These differences may have been influenced by sampling seasons and/or regional variations in body length of the species.
In Japan, the generic name of the isopod has been often misspelled as Tachea (Komai, 1927; Iwasa, 1947; Shiino, 1965; Kamita, 1970; Matsumoto, 1973; Ueki et al., 1988; Nishino, 1993; Nunomura, 1995; Sato & Kato, 1996; Narita, 2010; Takeda et al., 2000; Hayashi, 2014; Kawaguchi & Shimizu, 2013; Kimura et al., 2014; Anonymous, 2014; Shibata et al., 2014; Mori et al., 2017; Saito et al., 2017) . This is because Komai (1927) mistakenly reported the generic name as Tachea, which has been used by most of the subsequent Japanese scientists.
Occurrence of T. chinensis in shrimp populations
In the present study, T. chinensis was collected in Kagawa Prefecture (Shikoku) and Shimane Prefecture (western Honshu), western Japan. The collection in Kagawa Prefecture represents the first record of the species from Shikoku as well as its new prefectural record (see Table 2 ).
During a period from 2009 to 2017, the second author (T. I.) of this paper conducted freshwater shrimp and prawn samplings at 486 localities (280 in rivers and 206 in lakes, ponds, and reservoirs) in central and western Japan (see the literature in the Introduction section) and collected T. chinensis only at the four localities reported herein, which indicates that this isopod parasite has a wide geographical distribution range in Japan (see below) but occurs in much fewer water bodies than do its hosts. Based on field samplings of freshwater animals in Shimane Prefecture, Hayashi (2011) similarly stated that T. chinensis was collected only at some of the sites where freshwater shrimps occurred. Such distributional patterns of the species are probably determined by various environmental and biological factors, and research is necessary to explain those patterns.
The infested shrimps usually harbored one T. chinensis and only a few shrimps were parasit-ized by two or three isopods (Table 1) . This implies that an intra-specific competition is present between individuals of T. chinensis on the host carapace. Since detached individuals of T. chinensis have been observed to swim in the water (Shen, 1936; Takahashi, 2015) , those individuals may seek uninfested shrimps after they lose out in the competition.
The specimens of T. chinensis collected in this study were all non-ovigerous females. A similar female predominance was recorded by Delaney (1989: 51) for the species from East Asia including Japan: eight of the 10 sexed specimens examined were females (2.9-8.4 mm long) and all of the six Japanese specimens were females (5.3-8.4 mm long). However, the number of individuals examined was not numerous in our and Delaney s (1989) studies (n 42 and 10, respectively): we collected the specimens only two times (October 2014 and 2017) in this study. Quantitative surveys on a consecutive monthly basis, including research on changes in body size (growth), sex ratio, and maturity of T. chinensis, are needed to understand the observed female predominance and the life cycle of the species.
Hosts of T. chinensis
Based on the past literature and this paper, 14 nominal and some unidentified species of shrimps and prawns belonging to three atyid genera (Caridina, Neocaridina, and Paratya), two palaemonid genera (Macrobrachium and Palaemon), and one penaeid genus (Penaeus) have been reported as hosts of T. chinensis (Table 2). These species become infested in the wild, but the white leg shrimp, Penaeus vannamei Boone, 1931 is exceptional, being commercially farmed in Tianjin, China (Wang & Lin, 2008) .
Tachaea chinensis has been well studied in Japan, where it is known to parasitize seven nominal species (Palaemon paucidens, Paratya improvisa, Paratya compressa (De Haan, 1849) Table 2) . Palaemon paucidens was frequently infested by T. chinensis in Shikoku and western Honshu in this study (Table 1) and has also been often reported as the host of the isopod in Honshu (Table  2) , which indicates that P. paucidens is a preferred host of T. chinensis in Honshu and Shikoku. Nonetheless, it may be probable that T. chinensis differently utilizes shrimps and prawns on Okinawa-jima Island, one of the Ryukyu Islands (Aoyagi, 2014) because the freshwater shrimp and prawn fauna of these islands differs from that of the Japanese main islands (Shokita, 1975) .
In the present study, P. paucidens and Neocaridina sp. 1 were found to be infested by T. chinensis (Table 1) . It is interesting to note that Neocaridina sp. 1 was not infested at two of the three localities where this shrimp species occurred. This may have been influenced by the difference in abundance of P. paucidens, a preferred host of T. chinensis, between localities. At the two localities (a pond in Tsuda Park and Myôji Reservoir), P. paucidens was abundant (based on the number of individuals collected) and T. chinensis could have easily found its preferred host, while at another locality (Ko Reservoir), P. paucidens was much less abundant and Neocaridina sp. 1 was probably utilized as an additional host by T. chinensis. Further, the infested individual of Neocaridina sp. 1 was the third largest (18.0 mm long) among eight individuals of the species collected and about as large as those infested individuals of P. paucidens (19.9-22.4 mm long, n 4).
Tachaea chinensis was sometimes found on freshwater fishes, such as the predatory carp Chanodichthys erythropterus (Basilewsky, 1855) (as Culter brevicauda Günther, 1868 [Cypriniformes: Cyprinidae]) in China (Shen, Crustacean Research 47 1936), but those fishes can be regarded as accidental hosts of the isopod.
Mode of attachment and pathological impact of T. chinensis
Tachaea chinensis was attached on the host carapace with its cephalon posteriorly oriented (Fig. 1B) . A similar observation was made by Aoyagi (2014) . The reason of the posterior orientation of the species is unknown.
A mass mortality occurred in a population of P. paucidens that had been captured in irrigation ponds and then reared in a concrete tank in Okayama Prefecture, western Japan (Ueki et al., 1988) . Tachaea chinensis was found to parasitize the diseased shrimps, from which Vibrio sp., a pathogenic bacterium, was isolated. Later, all individuals of P. paucidens co-reared with T. chinensis died by experimentally adding Vibrio sp. to the rearing water, and it has been suggested that shrimp s skin scars caused by the isopod serve as a portal of entry for the bacterium (Ueki et al., 1988) . In this study, no detailed observation was made on the mode of attachment by T. chinensis or scars caused by such attachment. Various studies, such as histopathological observations on the scars and experimental infestation of shrimps with T. chinensis, are necessary to assess the impact of the isopod on shrimps. Further, no bacterial disease has so far been reported from wild freshwater shrimp populations in Japan, but it is important to note that T. chinensis has the potential to contribute to bacterial infections in the wild.
Tachaea chinensis was found infesting Penaeus vannamei cultured in Tianjin, China (Wang & Lin, 2008) . Each infested shrimp harbored two to five individuals of T. chinensis on the carapace and/or abdomen. Infested shrimps swam slowly and then died. These observations indicate that the isopod is also an important parasite in the shrimp culture.
Geographical distribution of T. chinensis
Tachaea chinensis was originally described by Thielemann (1910) based on specimens from a market in Shanghai, China. Subsequently, the species was reported from eastern China (Tattersall, 1921; Shen, 1936; Delaney, 1989; Bruce, 1990; Wei, 1991; Xu & Wang, 2006; Qin, 2008; Wang & Lin, 2008; Yu, 2009; Cheng et al., 2011; Li et al., 2018) , Japan (e.g., Tattersall, 1921; Komai, 1927; Iwasa, 1947; Delaney, 1989; Takeda et al., 2000, see Table 2 for the other papers), Vietnam (Dang et al., 1979; Dang, 1980; Tran et al., 2011; Ngo et al., 2013; Ngo & Ngo, 2014) , Thailand (Delaney, 1989) , and Malaysia (Karim & Fernando, 1963; Delaney, 1989) (Figs. 3-4) . No record of T. chinensis is available from Korea, where Tachaea sp. from Jindo Island has been reported as a new species (Ahn et al., 2016) . In addition to T. chinensis and T. sp., three more species of the genus have been reported from East Asia: Tachaea crassipes Schioedte and Meinert, 1879 from Singapore (see Delaney, 1989) , Tachaea lacustris Weber, 1892 from Indonesia (see Delaney, 1989; Bowman & Botosaneanu, 1992) , and Tachaea tonlesapensis Nunomura, 2006 from Cambodia (Nunomura, 2006 Fig. 3 ).
To summarize its geographical distribution, T. chinensis widely occurs in East Asia, ranging from temperate (Honshu, Shikoku, and Kyushu in Japan, and central-eastern China) through subtropical (Okinawa in Japan, and Hong Kong in southeastern China) to tropical (Hainan in southeastern China, Vietnam, Thailand, and Malaysia) regions.
Currently, Saito (2018) (Nishino, 2017) , this shrimp is herein regarded as an unidentified species. ***** Huai Nam means a brook in Thai, and due to the limited information on the reported locality, it is impossibe to find it in maps. and central Japan. In this country, some of freshwater shrimps used as fishing bait are discarded to rivers by amateur fishermen after their fishing and P. paucidens is infested by T. chinensis in Lake Biwa (Shiga-Kenritsu Biwako-Bunkakan, 1980; Nishino, 1993; Ota, 2015; Saito et al., 2017 [as Shirasa ebi ] ). It is thus likely that T. chinensis has spread its geographical distribution in Japan by live individuals of P. paucidens transported from Lake Biwa.
Salinity tolerance of T. chinensis
In Japan, the specimens of T. chinensis were collected from fresh waters in the previous and present studies (see Table 2 for the literature), except for the individuals collected from brackish water at the mouth of a small stream in Mie Prefecture (Delaney, 1989) . Infestation of T. chinensis on the white leg shrimp farmed in brackish-water ponds has also been reported in Tianjin, China (Wang & Lin, 2008) . There are records of T. chinensis associated with oysters Crassostrea gigas (Thunberg, 1793) in Hong Kong, China (Delaney, 1989; see also Ong Che & Morton, 1992: 226) . Moreover, T. chinensis was collected from the East China Sea off China (Xu & Wang, 2006; cf. Huang & Zheng, 2012) . These collections suggest that T. chinensis is not a genuine freshwater but euryhaline species, and it is desirable to examine the salinity tolerance of the species.
Lake Kitagata is one of the localities where T. chinensis was collected (Nakachi et al., 2010, see Table 2 and Fig. 3 ). This lake is connected with the Sea of Japan by a short river and is composed of freshwater and brackish-water regions. Thus, it may be possible to clarify a salinity-related distributional pattern of T. chinensis in the lake by examining its occurrence at various sites differing in salinity. 
Future work
In the present study, samplings were made only in October 2014 and 2017 in Kagawa and Shimane prefectures, but it is necessary to conduct more samplings for clarifying seasonal and regional variations in prevalence and intensity of T. chinensis in different regions of Japan because the species is widely distributed, ranging from Aomori, the northernmost prefecture in Honshu, through Shikoku and Kyushu, southward to Okinawa, the southernmost prefecture in Japan (Fig. 2) . In addition, seasonal changes in occurrence of T. chinensis were only preliminarily studied in Japan (Takahashi, 2015) . The species occurs in China, Vietnam, Thailand, and Malaysia as well, and it would be important to compare its life history and seasonal dynamics between temperate (Japanese main islands, and central-eastern China), subtropical (Okinawa in Japan, and Hong Kong in southeastern China) and tropical (Hainan in southeastern China, Vietnam, Thailand, and Malaysia) regions. of Nature and Science, Tsukuba), Masakazu Hayashi (Hoshizaki Green Foundation, Izumo), and Nobuhiro Saito (Suidosha, Kawasaki) for their assistance with the literature. We are also grateful to two anonymous reviewers who provided constructive comments on the manuscript of the paper. This study was partially supported by JSPS KAKENHI Grant Number 15K06932. 
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